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A STUDY OF HOT TEARING IN STEEL CASTINGS 


Kurt Beckius* 


by 


Merton C. Flemings 


sh 3h 
eo 


Howard F. Taylor** 


This is a translation of a paper published in 
Jernkontorets Annaler, Volume 144, 1960 (in Swedish) 


ABSTRACT 


A simple method was developed to test the in- 
fluence of variables on the susceptibility of steel 
castings to hot tearing. The method comprises use 
of a test casting which can be molded in a standard 
flask, and which measures susceptibility to hot tear- 
ing without use of special instrumentation. Variables 
tested were sand strength, steel composition, and 
pouring temperature. The test piece can be used 
for research purposes and for quality control in 
foundry operation. 


Sections of metal from each different design were 
studied microscopically during development of the 
final test piece. Observations were made on external 
and internal hot tearing. Particular study was given 
to the influence of design changes on the solidifica- 
tion structure and on the appearances of open and 
healed tears; design changes included variations in 
fillet radii, length of constraining member and use 
of brackets. 


Results of this investigation (plus findings of 
previous investigations) help to explain (1) re- 
lationships between feeding, casting design and ex- 
ternal hot tearing, and (2) the formation of internal 
hot tears in steel castings. The role played by the 
healing of tears through liquid metal influx is em- 
phasized. It is concluded that both internal tears 
and open external tears can be eliminated by de- 
signing to provide adequate feeding. 


Introduction 


In spite of all the work on hot tearing of steel 
castings there is still no simple foundry test avail- 
able for evaluating the tearing tendency of cast 
steels. Effects of variables such as composition of 
the metal, pouring temperature and type of molding 
material have been carefully examined only in very 
specialized laboratory tests; results of these tests do 
not always agree with commercial foundry experi- 
ence. 


A test that yields accurate, practical information 
should (1) make it possible to grade the severity of 
tearing under various circumstances and (2) be 
simple enough to be used in foundries as a tool for 
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Figure 1—First design of test casting. All bars indentical in 
shape except for the length, L, which was varied from 2 to 
18 inches. 
routine quality control. The latter requirement 


makes it necessary to avoid methods in which hot 
tearing is rated by measuring stresses or strains dur- 
ing solidification; e.g., devices with resistance springs 
and dilatometers. It also makes it desirable that the 
test not require chills or bolts attached to the flask 
wall and frozen into the test piece. In other words, 
the test casting should be of a simple design molded 
in a standard flask without special arrangements. 


It was decided that an ideal test casting to meet 
the above requirements would consist of bars of 
different lengths, each joined at one end to provide 
a well fed hot spot and connected at the other end 
to a restraining flange. Tears should then appear at 
the hot spot if restraint from the sand proved to be 
severe enough to cause tearing. It was also felt that 
the design of the test casting should be such that 
mold filling and solidification would be the same in 
all bars, i.e., that all hot spots solidify simultaneously, 
that all bars be sound, and that the gating system be 
such as not to induce non-uniform conditions of 
freezing. 


The first test casting (Figure 1) consisted of a 
sprue and an ingate, an over-dimensioned plate-like 
runner (2 x 4 x 20 inches) with four bars % inch 
diameter varying from 2 to 18 inches long, extend- 
ing from it. The tears were expected to form at the 
intersections between the bars and the runner. The 
end flanges were circular plates, 3 inches diameter, 
joined to the bars by fillets of 1 inch radius. The 
fillets were expected to eliminate tearing in this end 
of the bars. The design of Figure 1 was unsatis- 
factory and changes were made in several steps as 
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Figure 2—First test casting with tearing zone removed from 
runner. Dimensions not shown are the same as in Figure 1. 
L = 2 to 18 inches. 


illustrated in Figures 2, 3, 4 and 6. The final design, 
shown in Figure 4, is an adequate test piece, although 
further work will undoubtedly yield some improve- 
ments. 


Observations on the mechanism of hot tearing 
made in the course of this work are felt to be fully 
as significant as the test method developed. These 
observations are not only of theoretical interest, but 
are also of practical value in designing steel castings 
to minimize hot tearing. Before the steps taken in 
the development of the original test casting are 
described and discussed in detail, a summary of some 
background work and information on molding, melt- 
ing and pouring and on techniques for studying hot 
tears will be given. 


Background Work 


In attempting to develop a suitable test method 
the experiences of earlier investigations were utilized 
as far as possible. A previous paper by Beckius‘'.?? 
includes an extensive review of the literature on hot 
tearing in steel castings and also suggests a mecha- 
nism for the propagation of hot tears (which takes 
into consideration the filling of tears by enriched 
melt from the interior of the torn casting). 


Beckius’ investigation was based on casting ex- 
periments with an apparatus designed on the resist- 
ance spring principle. Time-contraction curves were 
compared with the tearing process as manifested in 
macro-etched sections of partially torn test castings. 
Studies of such test castings which had been un. 
loaded at various times after pouring made it clear 
that tears are initiated just below the surface of the 
casting, at the inside of the first solid shell of steel 
to form. Owing to the ferro-static pressure and cap- 
illary forces, these tears will be filled with molten 
metal from the interior almost as fast as the tears 
develop. The liquid forced into the tears solidifies 





Figure 3—Test casting design, bar lengths are 17, 19, 21 and 
23 inches. Bars in outer positions are completely broken. 
Dimensions are given in Figure 6. 





Figure 4—Final design, bar lengths are 17, 19, 21 and 23 inches. 


on contact with the solid metal at the tear surfaces, 
but due to its Jess pure composition and its situation 
between the dendrites, it constitutes a renewed zone 
of weakness. This formation and filling of the tears 
may be repeated several times or may go on con- 
tinuously during the progress of solidification if 
stresses built up from the restrained contraction are 
high enough to keep opening the growing solid 
shell. As solidification proceeds, it becomes increas- 
ingly difficult for molten metal to fill the tears (or 
parts of tears) situated near the surface; at a certain 
time filling will become impossible. Therefore, the 
zone of complete solidification, as it moves inwards, 
will leave behind open tears which gradually expand 
and grow both toward the center and toward the 
surfaces of the casting. 


Beckius’ work'':*) evaluated the dependence of 
hot tear susceptibility on pouring temperature and 
on the content of C, Si, Mn, P, S and Al in the steel. 
Steels with 0.19-0.32 percent carbon were found to 
be more prone to tearing than steels with lower or 
higher carbon contents. The reason for this was ex- 
plained in the light of the peritectic reaction. A 
higher pouring temperature, causing an _ over- 
whelmingly columnar structure, was found to cause 
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Figure 5—Designations of section changes studied by Minkoff 
and Taylor'*). Dash line shows case where R = O. 


more tearing than a lower pouring temperature, lead- 
ing to a more equiaxed (nuclear) structure. 


Results from investigations by Minkoff‘*:*) have 
also been utilized for the present work. Minkoff 
studied how the geometry of joined sections affected 
their tendencies to tear. Studies were made of bars 
of different diameters, plates of different thicknesses, 
and “T” sections joined under different conditions 
of restraint. Results concerning the effect of varying 
the diameter of a bar (d) joined to a larger bar 
(D) with a fillet radius (R) between them (Figure 
5) are interpreted as follows: 


1. At R =O tearing decreases when the ratio of 
D/d increases from 1.5 to 8. 


2. At small ratios of D/d (D/d = 1 to 2) tearing 
decreases when R exceeds (D-d)/2. 


3. At medium ratios of D/d (D/d = 2 to G) tear- 
ing is independent of R or increases slightly with 
increasing R up to R = (D-d)/2. 


4. At large ratios D/d (D/d = 6 to 8) tearing 
decreases with R up to R = (D-d)/2 and then re- 
mains low. 


5. If the section change is tapered (15 degrees) 
the tears disappear or move to locations in the test 
casting other than the intended hot spot. The latter 
sometimes happens also with large fillet radii. 


The above observations have been used to aid in 
choosing suitable fillet radii and section changes of 
the test piece described herein. 


Molding, Melting and Pouring 


The test method was intended to measure the 
effects on hot tearing of the variables of steel com- 
position, pouring temperature and properties of the 
molding sand. During development of the test, the 
above variables were held constant at values chosen 
to be intermediate in their effect on hot tearing. 
When choosing these conditions the results of pre- 
vious research experiences were utilized. 

All test castings were hand rammed in green sand 
molds; surface hardness of all molds was 80 +5 
Dietert Units. Green compression strength of the 
sand was 6.2-7.5 psi, permeability was 80-100 and 
the mixture employed was: 
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Figure 6—Design of test casting shown in Figure 3. Dimensions 
not shown are the same as in Figures 1 - 2. Numbers 1 - 4 indi- 
cate points where temperature measurements were made. 
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Silica sand ( AFS grain size No. 80) 
4 percent western bentonite 

0.5 percent cereal 

0.5 percent dextrine 

3.0-3.2 percent water 


The steel was melted by induction in charges of 
75 pounds. Armco iron was first melted and then 
additions were made of a special pig iron (4.2 per- 
cent C), ferrosilicon (48.5 percent Si), ferroman- 
ganese (80.4 percent Mn) and aluminum. The com- 
position of the steel was 0.24/0.26 percent carbon, 
0.25/0.35 percent silicon, 0.65/0.75 percent man- 
ganese, 0.006/0.013 percent phosphorus, 0.020/0.030 
percent sulfur, 0.01/0.02 percent aluminum. The 
steel was poured directly from the crucible in which 
it was melted at a temperature of 2910 + 20 degrees 
F (1600 + 10 degrees C). 


Each mold was vented through the end flanges, 
and a 20 pound weight placed on the cope. The 
top of the risers and the sprue were covered with a 
layer of rice hulls immediately after pouring. Pt/Pr - 
139 Rh thermocouples (0.020 inch diameter) were 
used to measure temperature. These were protected 
by thin walled silica tubes (1/16 inch inner diam- 
eter) and were connected to a recorder. The ar- 
rangement of the thermocouples was that used by 
Beckius''+*) earlier, 
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(b) 
Figure 7—(a) Hot tears in hot spot and along fillet of test 
casting of design shown in Figure 2. Both open and healed tears 


appear black in the photograph. (b) Shrinkage cavity with 
internal hot tears in runner behind hot spot shown in (a). 


Inspection of Test Castings 


The test castings made were inspected visually be- 
fore and after sand blasting and were then sectioned 
in several places according to a consistent plan ( Fig- 
ure 6). Specimens were cut from the area susceptible 
to tearing and were studied microscopically after 
etching. The preparation of the specimens before 
etching included (1) heat treatment (to avoid inter- 
ference from the micro-structure), (2) filling of 
cavities and tears with Plaster of Paris and a thermo- 
setting resin (to facilitate polishing and etching) and 
(3) polishing. Polished surfaces were etched with 
Stead’s etchant No. 1 to reveal the macro-structure; 
ie., the solidification structure. This procedure has 
been described in detail previously by Beckius''-*?. 
In pictures taken with a metallograph the segregated 
areas such as healed tears appear white while open 
tears and other cavities are black (Figures 12-14). 
In pictures taken with a standard camera, both open 
and healed tears are black (Figures 7-9, 11, and 
15-16). 


By inspecting experimental castings several differ- 
ent patterns of tearing were observed: 





Figure 8—Brackets around the filleted portion of test casting 
(R 1 inch). Brackets eliminate all tearing in this area. Bar 
is completely broken in desired tear region. 





Figure 9—Brackets around filleted portion of test casting pre- 
vent all tearing even when fillet radius is decreased to '/ inch. 
Only one bracket visible due to plane in which the casting 
was sectioned. 


1. Completely broken bar (Figures 3, 8 and 15d) 
In this case fracture is intercrystalline, brittle and 
usually contains an area in the center of the bar 
which was obviously molten at the moment of failure 


2. Torn region containing open and healed tears 
of varying size and number (e.g., Figures 11 and 13). 


3. Torn region containing only healed tears (Fig 
ure 14). In this case veins of extruded metal may 
appear on the surface of the bars, and segregated 
intercrystalline streaks are found between the den- 
drites in macro-etched sections. 


4. Sound bar; i.e., no tears whatsoever can be seen 
either on the surface or in the etched sections ( Fig- 
ure 16a). 


From these four grades of tearing the first is the 
easiest to observe, as the others require sandblasting, 
sectioning and etching to be fully exposed. It would 
therefore be desirable to use the complete failure of 
one or more bars as a measure of the tearing tend- 
ency in the test method under development. 
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Development of the Test Casting 


In the first, very simple test casting (Figure 1) 
none of the bars showed open tears. Healed tears 
were present in bars longer than 6 inches (between 
end flange and runner) and these were most numer- 
ous in the longer bars. The runner contained center 
line shrinkage cavities, situated behind the two bars. 
Small filled tears and porosity were found in the end 
flanges. 


In accordance with the observation that tearing 
decreases at section changes with high ratios of D/d, 
a smaller runner (1 x 3 x 20 inches) was tried. This 
caused somewhat more tearing than before, but the 
tears were still almost entirely healed. Two risers 
located on top of the runner decreased the shrink- 
age a little but did not affect tearing. 


In order to decrease the ratio D/d more, the hot 
spot was re-shaped and moved away from the runner 
(Figure 2). The new hot spot was joined to the 
runner by a fillet (1 inch radius) which was ex- 
pected to be sufficient to concentrate tearing at the 
abrupt section change between the 5 inch and the 2 
inch diameter bars. 


With this design, tearing was more severe than 
before, but the tears appeared not only where de- 
sired, but also along the fillets at both ends of the 
bars. At the abrupt section change tears in the 
longer bars were open near the surface and often 
continued as filled tears through the entire bar ( Fig- 
ure 7a). In the fillet next to the runner, short open 
tears and longer healed tears appeared; in the fillet 
at the end flange tears were small and always filled. 
Shrinkage cavities with internal tears could be found 
in the runner behind the bars, Figure 7b. 


The simplicity and reproducibility required of the 
test necessitated elimination of tearing in all but one 
spot. The fillets, although dimensioned according to 
Minkoff's findings, were not large enough to prevent 
tears completely at the areas of section change at the 
ends of the bars. Therefore, in the next design the 
fillets were equipped with brackets 14g inch thick 
placed symmetrically around the bar; these brackets 
cooled faster than the surrounding parts of the cast- 
ing, and were expected to absorb the contraction 
stresses otherwise developed in the fillet area. To 
eliminate filled and un-filled tears completely, it was 
found necessary to have four brackets around the 
junctions near the runner and two at the end flanges 
(Figure 3). 


The effect of these brackets was not only to elimi- 
nate undesirable tearing (Figure 8) but also to con- 
centrate the stresses in the region of testing. This 
caused the longer bars to fracture completely, while 
the shorter ones contained open and/or filled tears. 
The shortest bars remained sound. Thus, this design 
seemed to be suitable, and the next effort was directed 
toward elimination of the shrinkage cavities in the 
runner and toward determining reproducibility of 
the test. 
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Figure 10—Cooling curves in selected locations of test castings. 
Location la—under riser in casting design shown in Figure 3. 
Location 1—under riser in casting design shown in Figure 6. 
Locations 2, 3, 4—other locations in casting design shown in 
Figure 6 (See Figure 6 for exact locations). 


In so doing, it was noticed that bars of the same 
length tore more when situated near the ends of the 
runner than when placed in the middle. At first this 
was assumed to depend on differences in mold hard- 
ness or On variations in cooling rates in the outer 
and inner bars. The mold hardness of the parting 
surfaces was checked and found to deviate randomly 
and not more than + 5 from the normal average 
value of 80. This, as well as the fact that the differ- 
ence in tearing susceptibility remained even in bars 
without end flanges (mold restraint only through 
friction), indicated that variations in ramming were 
not responsible for the difference in tearing behavior 
noted in bars in different positions in the mold. 


When the number of risers was increased to three, 
the shrinkage cavities in the runner decreased in size 
but the bars near the edge of the flask still tore more 
severely than those near the center. In an attempt 
to equalize the feeding conditions in all four bars, 
each one was provided with a riser, still located on 
top of the runner; the fillet radii were later decreased 
from 1 inch to 14 inch to diminish the need for 
feeding. Figure 9 shows that brackets still prevented 
undesirable tearing. However, these measures were 
not effective in equalizing the tearing behaviors of 
the outer and inner bars. 


Temperature measurements in the center of the 
runner, behind bars in the outer and inner position, 
showed a difference in solidification time of approxi- 
mately one minute which represents a 25 percent 
variation (Figure 10). Further changes were there- 
fore made to eliminate shrinkage as well as the 
differences in cooling rates; these included increased 
riser sizes and decreased runner dimensions. The 
latter was done by cutting down those parts of the 
runner situated between the bars. By so doing a 
design was finally found (Figures 3 and 6) in which 
all shrinkage was moved to the risers, while the 
solidification times were the same along all the bars 
(Figure 10). 
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Figure 11—Tearing in hot spot of 23-inch long bars (inner position). 


(a) 0.25 percent C poured at 2910 degrees F 


(b) 0.50 percent C, poured at 2940 degrees F i.e., same degree of superheat 


as in (a). (c) 0.25 percent C, poured at 3100 degrees F. Severe open tears in (a), both open and healed tears in (b), 


healed tears only in (c). 


In spite of these changes the outer bars continued 
to tear more than the inner bars. It was then thought 
that the gating system employed might be responsible 
for the differences (possibly by weakening the sand 
near the gate entrance, at the locations of the inner 
bars). Thus, the next step considered was to arrange 
not only individual feeding, but also individual 
gating for each bar. This was done by adding a new 
runner with four ingates and dividing the old runner 
into four parts (Figure 4). The new runner was 
tapered towards the ends and the mold tilted 6.5 
degrees; both measures were taken to guarantee 
simultaneous filling of all bars during pouring. 


Test castings made this way showed less over-all 
tearing than bars made previously (no bars were 
completely broken) but the difference in tearing 
behavior of outer and inner bars was now negligible. 
Also, no tearing was observed in any location of the 
casting other than the test area. 


Experiments on Effects of Variables Using 
Test Piece Shown in Figures 3 and 6 

Using the test piece shown in Figures 3 and 6, 
tests were made to determine the effects of carbon, 
pouring temperature and mold strength on hot tear- 


ing. In these tests comparison was made between 
castings with the same arrangement of bars. 


In agreement with results of Beckius‘':*) and ex- 
perimental and practical experiences of others, the 
increase of carbon content from 0.25 percent to 0.51 
percent decreased hot tearing considerably (Figure 
lla and b). 


Less tendency to tear was observed for a pouring 
temperature of 3100 degrees F than for the more 
normally used temperature of 2910 degrees F. Fig- 
ures lla and llc show the grain structure to be 
columnar in both cases. In earlier experiments by 
Beckius, higher pouring temperatures increased 
rather than decreased hot tearing. In that work the 
higher temperatures were found to produce a more 
columnar cast structure, and the influence of the 
moiding material was eliminated. The present results 
suggest that, with pouring temperatures high enough 
to produce a columnar structure, the effect of the in- 
creased temperature is to reduce hot tearing by 
hastening softening and disintegration of the molding 
material close to the casting. In a casting of the 
shape used here the softening would supposedly be 
of importance only adjacent to the runner, where an 
appreciable amount of hot metal is present. 
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roars 12—Vein at surface of right hand tear region in Figure 
11b. Open tear (black) inside vein. Long white streaks are 
healed tears. Mag. 13 X. 


In one mold the hot strength of the sand was in- 
creased by adding 15 percent silica flour; this re- 
sulted in a 30 percent increase in hot strength as 
measured at 1650 degrees F and 2000 degrees F. 
Somewhat more extensive tearing was found in this 
case, in agreement with Middleton‘*’ who indicated 
that an addition of silica flour increases tearing only 
slightly in green sand molds. 


Structural Observations 

1. External tears 

The expression “external tears,” as used here, re- 
fers not only to hot tears visible on the surface of a 
casting but also to such tears, located below the sur- 
face, which have the same origin according to the 
tearing mechanism previously described. The use of 
the expression “internal tears” is restricted to another 
kind of hot tears, defined later in this paper. 


As previously mentioned, veins of metal which 
often create complete rings can be seen on the sur- 
face of many bars. Examination of etched sections 
showed that these veins were always accompanied by 
open or healed tears immediately beneath them. 
Figure 12, which is a magnification of the right-hand 
part of the specimen of Figure 11b shows how an 
open tear has developed below the vein without fully 
reaching the surface. Examples of filled tears appear- 
ing below the veins can be seen in Figures llc and 
15a, b, c. It is not easy to etch a large specimen close 
to its edges satisfactorily, but from Figure 15 it is 





Figure 13—Open (black) and healed (white) tears in equiaxed 
structure. No veins on surface. Open tear to right widens to- 
ward surface while open tear to the left, less developed, is uni- 
form in width. Mag. 13 X. 





Figure 14—Healed tears present through the whole section of 
the tear region (but no open tears). Mag. 13 X. 


clear that the segregated metal forming the healed 
tear continues into the vein. Observations of similar 
kind have been made by Brinson and Duma‘®) and 
by Taylor, Bishop and Johnson‘? in studies of bore 
cracks and were mentioned also by Singer and 
Bennek‘*’ as seen in large cylindrical castings and 
ingots. It is obvious that the veins must form fairly 
early during solidification when a sufficient amount 
of liquid steel is present in the interior to exude to 
the surface; also, tears (which follow the interstices 
between the dendrites) must be relatively short and 
straight in order to allow the liquid to pass. Late in 
the solidification process, when the liquid channels 
are longer, narrower, and more irregular, liquid metal 
flowing between the dendrites will solidify before 
reaching the surface. Thus, veining should be less 
extensive in bars with more equiaxed structures 
(where the paths of the tears are more irregular ) 
than in a columnar structure. In fact, such tendencies 
have been noticed as illustrated in Figure 13. 


Characteristic of the fracture of bars torn com- 
pletely is an area in the center indicating the presence 
of molten steel at the moment of failure. This area 
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(a) 


(b) 





(c) 


(d) 


Figure 15—Hot tearing in 10, 14, 18 and 22-inch bars; standard steel composition and pouring temperature. (a) healed tears only 


(b) small open tear and healed tears (c) larger open tears and healed tears (d) completely broken 
Notice columnar structure in (a) - (c) and equiaxed structure in (d). All bars from same casting. Veins with healed tears beneath 


can be seen in tear regions of (a), (b), and (c). Mag. approx. 


often shows exuded droplets of liquid, and the frac- 
ture does not appear “dendritic.” The area generally 
covers the main part of the fracture, leaving only a 
thin ring of metal at the surface of the bar showing 
dendritic fracture. In this case, as in the case of 
“veining” described above, it is apparent that tearing 
is initiated early in the freezing process. Tears form 
and refill during solidification until feeding becomes 
restricted and liquid can no longer flow to fill the 
tears; then, if contraction stresses are sufficiently 
large, open tears result. 


Complete failure of a bar has been noticed to have 
a surprising influence on the structure of metal at 
the region of failure. The pictures in Figures 15a, 
b, c, and d were taken from four bars, all from the 


4 X. 


same casting. Three show a pronounced columnar 
structure in the region of the hot spot, while th 
fourth taken from the only bar completely broken, 
has a much more equiaxed structure. This phenome 
non was observed in two similar castings and cannot 
be attributed to location of the bar in the flask. Other 
conditions being identical in all bars from a single 
test casting, the only factor which could cause the 
equiaxed structure is that the bar was torn apart at 
a very early stage of solidification. It appears cer- 
tain that tearing increased nucleation, perhaps by 
causing mold vibration. The effect of hindered heat 
transfer from the region of tearing to the bar cannot 
have been responsible, as this would instead have led 
to slower cooling and a coarser columnar structure 
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Figure 16—Tearing and plastic deformation at hot spot of first test casting design (Figure 1). Columnar crystals grow perpendicular 
to mold walls in runner but slant toward center near the bars. 


(a) 4-inch bar, no tears, sound 


(c) 12-inch bar, several healed tears, shrinkage cavity 


(b) 6-inch bar, a few healed tears, shrinkage cavity with wide internal tear 


(d) 20-inch bar, several healed tears, centerline segregation 


Note: Radius in pattern at hot spot was less than 1% inch. Curvature in castings resulted from plastic deformation. Mag. 1% X. 


2. Internal tears 


In the runners of inadequately fed castings, inter- 
dendritic tears can be seen emanating from shrinkage 
cavities (Figures 7 and 16b). These tears, as found 
by Minkoff'*’ in unfed sections of castings, appear 
only in connection with shrinkage cavities. They 
always follow the interstices between the dendrites 
and usually widen towards the shrinkage cavity. 
Sometimes smaller tears exist near the wider, cavity- 
connected tears. These smaller tears are uniform in 
width over their entire length and have no visible 
connection with the cavity. Both small and large 


tears generally end before they reach the surfaces 
of the runner. They appear independent of the pres- 
ence of external tears and cannot be found in sound 
runners. Healing of this kind of tears by filling with 
interdendritic liquid has not been observed. 

The fact that internal tears are exclusively inter- 
dendritic and exist in close relation to shrinkage 
cavities suggests that they develop near the end of 
solidification. Shrinkage cavities naturally represent 
those areas of a torn section which are the last to 
solidify, and the interdendritic spaces with (or even 
without) films of enriched melt certainly could act 
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as tear-inducing notches. The absence of healed tears 
shows that when internal tearing occurs, there is 
only a slight amount of liquid (or no liquid) re- 
maining. 


Stresses necessary to pull the crystals apart in in- 
ternal tears may well result from differences in con- 
traction rates between outer and inner portions of 
the section (as pointed out by Minkoff‘*’). Stresses 
may occur in one or more directions; their tear- 
inducing effect is always limited to that component 
perpendicular to the growth direction of the col- 
umnar crystals. (Actually, in this investigation in- 
ternal tears have not been observed in sections with 
a predominantly equiaxed structure around the 
shrinkage cavities.) Another factor which may con- 
tribute to internal tearing is the difference in pressure 
between the shrinkage cavity and the outside of the 
casting. Atmospheric pressure, by “dishing” the ex- 
ternal surface of the casting, might cause internal 
fracture in the same fashion as would result if a beam 
was loaded at its center until fracture began on the 
side opposite to the load. 


One might summarize the suggested mechanism 
for internal tearing as follows. Both a shrinkage 
cavity and stresses are necessary for the development 
of internal tears. The steel close to the cavity rep- 
resents a weak area not only because it is the last 
to solidify, but also through the existence of notch- 
like interdendritic spaces containing mainly carbon, 
sulfur and phosphorus-enriched metal on the surfaces 
of the cavities. Actual tearing takes place very near 
the end of solidification, when the main part of the 
shrinkage cavity has formed. At this time, not 
enough melt remains to heal the tears as they are 
initiated. The propagation of the tears follows seg- 
gregated interdendritic paths, as these represent the 
weakest parts of the structure. It will continue until 
the tears reach areas closer to the surface, where the 
steel is cooler and ductile enough to resist strain or 
to strain without tearing. 


Feeding, Casting Design, and Hot Tearing 


It has been shown above that an essential con- 
dition necessary to produce internal hot tears is a 
lack of adequate feed metal. Internal hot tears are 
always associated with shrinkage cavities, and such 
tears can be eliminated by gating and risering so as 
to eliminate shrinkage. 


The relationship between feeding and external 
tearing is more difficult to establish. Yet such a re- 
lationship would be of great practical importance in 
the design and manufacture of steel castings. At the 
present time, the engineer has at his disposal a 
limited number of “design rules” to minimize hot 
tearing. These rules are, for the most part, based on 
the principles that tearing can be reduced by (1) 
minimizing the stresses which cause tearing and (2) 
distributing stresses uniformly over a casting rather 
than concentrating them at a “hot spot.” However, if 


adequate feeding is effective in preventing tears, it 
should be possible to formulate additional design 
tules based on this fact. Minkoff's results quoted 
earlier in this report, and observations from the 
present investigation indicate that feeding does, in 
fact, have an important influence on hot tearing. 


The mechanism of external hot tearing described 
earlier in this paper involves the continuous forma- 
tion and refilling of hot tears (at tear susceptible 
locations) during solidification of a steel casting. 
Improved feeding has been shown to decrease open 
external hot tears by facilitating healing of these 
tears. Improved feeding completely prevents open 
tears in a critical section if resistance to contraction 
falls to a very low value before filling of the tears 
becomes possible. It is particularly likely that ade- 
quate feeding will be beneficial when contraction 
restraint is due to the sand mold; this is so because 
the surface layer of sand molds begins to soften after 
continued exposure to hot steel. 


It is important to note that feeding appears to 
play a different role in external than internal hot 
tearing. In the case of internal hot tearing, adequate 
feeding completely eliminates all open tears; filled 
tears are not found associated with or in place of 
open internal tears. In the case of external hot tear- 
ing, good feeding does not eliminate the tearing 
but does result in filling of these tears as they form. 


The question remains whether or not the presence 
of healed tears, rich as they are in carbon, phosphorus, 
sulfur and other inclusions, are deleterious to the serv- 
ice performance of castings. To date, no specific re- 
search has been done to this end. While it is con- 
ceivable such continuous films of segregate might in- 
duce or enhance fatigue or impact failure, most cast- 
ings for critical service are given homogenizing heat 
treatments in which the segregate is diffused. It is 
certain that filled regions are less damaging than un- 
filled, small tears; however, in the search for maxi- 
mum strengths and ductility in steel castings and 
optimum service performance under high temper- 
atures and impact loading, it is well to know of the 
potential existence of these imperfections so they 
can be “designed” out of the casting or special care 
given in heat treatment. 


Further Development of the Test Method 


The final change in design, which eliminated the 
difference in tearing susceptibility between bars in 
outer and inner positions, also caused less over-all 
tearing than before. If a higher level of tearing sever- 
ity is desirable (1) apply two or four brackets be- 
tween the ingates and the large flanges, and (2) in- 
crease the vertical surface of the large flanges. It 
might be advisable in metals difficult to tear, to com- 
bine these measures to achieve an extremely high 
stress level. 


(Continued on Page 13) 
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CHEMICAL PROCESSES OF CLEANING CASTINGS 


by 


C. M. Stoch* 


Three proprietary processes for the chemical cleaning of steel castings are 
described in this article, which contains also an assessment of plant tests designed 


to show the efficacy of each process. 


The possibility of cleaning castings by chemical 
methods in place of mechanical cleaning has several 
attractive features. In view of the attention now paid 
to dust and noise problems, chemical cleaning, if it 
were effective and economical, would be welcomed 
by all steel founders. Chemical cleaning removes ad- 
hering sand from deep pockets and this is specially 
attractive for castings such as valve and pump bodies, 
and turbine casings. Another advantage of the process 
is that fine sand particles are removed from the skin 
of the casting—instead of being bedded in by abrasive 
blasting—with a resultant improvement in machin- 
ability. 


Chemical cleaning of castings by pickling in acids 
has been known and used in the steel castings industry 
for many years. This process is used primarily for 
inspection purposes, for which the removal of scale 
and, to a certain degree, of adhering sand is an im- 
portant feature. If used only for cleaning, acid pick- 
ling has the disadvantage that the underlying metal is 
also attacked; this may be undesirable for some types 
of steel castings. Details of the acid pickling of steel 
castings have been described previously.': * 


The metal working and processing industries em- 
ploy chemical cleaning to a considerable extent, and 
the automobile industry in the U. S. A. makes use of 
it for cleaning iron castings. 


The Association has investigated three proprietary 
processes, namely, the Kolene, the Efco-Virgo and the 
Sodium Hydride processes. Each process was assessed 
by treating a batch of plain carbon and alloy steel 
castings which exhibited metal-penetrated sand 
patches, and weighed from 6 to 30 pounds each. 


The Kolene Process 


The Kolene process, which has been in use in the 
United States for some years, was introduced in Eng- 
land by Castingite Ltd., Birmingham, a subsidiary of 
Birfield Industries Ltd. 


Castingite Ltd. has obtained the rights of operation 
under license from the Kolene Corporation of Detroit, 
and has erected a plant for processing approximately 
one ton of castings per hour. This plant (Figure 1) 
consists of a salt bath, a cold water rinsing tank, and 
a hot water rinsing tank, all being enclosed by a ven- 
tilated hood. The castings to be treated are placed in 
the mild steel work basket (shown suspended from 
the overhead traveling crane), and when inside the 


* Head of Engineering Section, British Steel Castings Research 
Association. 





Figure 1—Plant at Castingite Ltd., for operating the Kolene 
process (By courtesy of Castingite Ltd.). 


hood, the steel door is closed and the basket is then 
lowered into the salt bath. 


Castings to be cleaned are immersed first in a 
molten bath (Kolene No. 4) containing caustic soda 
as the main constituent, to which some neutral salts 
are added to act as catalysts. The salts are completely 
water-soluble. The fusion point of the salts is approx- 
imately 480 degrees F, and the temperature of the 
operating process is 840 degrees F. The salt bath is 
energized electrically and the electrolysis of the caustic 
soda results in the deposition of nascent sodium on 
the surface of the casting, which reduces the oxides. 


The electrical installation consists of a transformer 
and rectifier to supply 6 to 8 volts d. c. and, in a pilot 
plant capable of cleaning up to 500 pounds of castings 
per batch, a current of up to 3000 amps is used. One 
lead from the direct current source is connected to 
the mild steel tank containing the salts, and the other 
is connected to the work basket (Figure 2). A re- 
versing switch is connected in the electrical circuit, 
so that the direction of current can be changed while 
work is still in the bath. For the removal of scale, 
rust, sand, etc., the reduction cycle is used, in which 
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Figure 2—Diagram showing the principle of operation of the 
Kolene process. 


the casting to be cleaned is made the cathode. For the 
removal of oils, greases, and other organic materials, 
the oxidizing cycle is used. After leaving the salt 
bath, the castings are immersed in cold water and 
finally rinsed in hot water. In the pilot plant of 
Castingite Ltd., the salt and the hot water baths are 
heated by electric immersion heaters with thermo- 
static controls. 


The following procedure was used: (1) salt bath 
(20 min.); (2) cold water tank (5 min.); and (3) 
rinse in hot water (8 min.). 


The time of immersion in the salt bath was chosen 
by the personnel operating the unit and does not 
necessarily represent the optimum time of processing, 
which could be assessed only by carrying out a series 
of tests with variable processing time. The optimum 
time will depend not only on the degree and amount 
of sand adhering to the castings, but will also vary 
with the size and shape of the castings, which have 
to reach the temperature necessary for an effective 
cleaning reaction to take place. Care was exercised in 
loading castings in the work basket in order to avoid 
the formation of air pockets in the salt bath, which 
would result in leaving uncleaned patches on castings. 


The Efco-Virgo Process 


The Efco-Virgo process, although first introduced 
for the descaling of stainless steel components, has 
found application in the cleaning of other alloy steels, 
plain carbon steels and non-ferrous metals. The main 
reaction in this process is the chemical and physical 
modification of the scale by the action of molten 
salts at a temperature of 840-1000 degrees F. The 
modified scale is then removed in the next stages, 
which consist of a cold water quench followed, when 
necessary, by a short immersion in dilute acid. The 
salt (which is of a patented composition) consists of 
caustic soda and of active ingredients which convert 
the oxide to one of a flocculent nature soluble in a 


weak acid. The volume increase of the scale, which 
accompanies the chemical conversion, assists the rup- 
turing effect of the steam produced in the cold water 
quench and in dislodging the greater part of the scale. 
Smut remaining on the surface is a loosely adhering 
fine deposit which can be removed by subsequent 
flushing in dilute (10 percent) hydrochloric or nitric 
acid. The time of immersion in a molten salt varies 
from 2 to 20 minutes, depending upon the condition 
and type of the material, while the duration of the 
acid dip is of the order of a few minutes. 


Self-regeneration is an important feature of the 
salt. The activating agents in the salt, which convert 
the scale, are reconverted to their original composition 
by the action of air. In heavily worked baths, how- 
ever, it is sometimes necessary to accelerate regenera- 
tion by blowing air through the salt at given intervals. 
The make-up of the bath is governed by drag-out 
losses which depend on the type of work being 
handled. Salt consumption may vary from 10 to 35 
pounds per ton of work. 


A test on the cleaning of steel castings by the Efco- 
Virgo process has been carried out in a plant at Hall 
& Pickles Ltd., Ecclesfield, which operates exclusively 
on descaling stainless steel wires. 


A batch of small castings was treated with a load of 
stainless wire coils which were preheated prior to im- 
mersion in the bath. The procedure was as follows: 
(1) salt bath (20 minutes); (2) cold water quench; 
(3) acid dip (10 percent sulphuric acid); (4) rinse 
with water hose; (5) acid dip (4 percent nitric 
acid ); and (6) rinse with water hose. 


Sodium Hydride Process 


The chemical reaction on which this process” is 
based is between the sodium hydride—a powerful re- 
ducing agent—and the metallic oxides: 


Fe,0, oe 4NaH > 3Fe + 4NaOH 


As a result of the reaction, the oxides are converted 
to powder metal without attacking the underlying 
parent metal. The bath used for this process consists 
of molten caustic soda containing sodium hydride in 
solution. Because sodium hydride is unstable it is not 
added as such to the caustic soda, but is generated in 
the bath by a reaction between metallic sodium and 
hydrogen. Sodium hydride is consumed in the de- 
scaling process; therefore, the generator must be kept 
in operation during processing. The temperature of 
operating the bath is 660 - 700 degrees F. When the 
reaction in the bath is complete, the parts being 
cleaned are removed and quenched in cold water; this 
generates steam rapidly and blasts the reduced scale 
from the surface. It is advantageous to preheat the 
work to about the temperature of the hydride bath 
(70 degrees F), thus saving time and reducing the 
consumption of chemicals. Once the work has reached 
the operating temperature, the descaling reaction takes 
place within 30 to 60 seconds. 
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Sand can be removed successfully from castings by 
the sodium hydride process. However, it is important 
that all gross sand deposits must first be removed by 
mechanical means to avoid unnecessary contamination 
of the caustic soda. Only the last traces of sand should 
be removed in the bath. When sand is firmly em- 
bedded in the surface of castings, a preliminary treat- 
ment at a higher temperature (925 degrees F) in a 
bath of plain molten caustic soda may be needed. 


The sodium hydride process is used extensively for 
descaling stainless steel sheet and strip, because it 
does not attack the parent metal, as is the case in acid 
pickling. 

The test on the cleaning of steel castings by the 
sodium hydride process was carried out in the plant 
of D. & H. Metal Treatments Ltd., Staines, who 
operate a batch type installation. Castings were im- 
mersed for 30 minutes in the bath at 715 degrees F 
and subsequently quenched in cold water. 


Results of Tests 


Visual examination of castings cleaned by these 
three chemical processes has shown that, where 
patches of sand with penetrated metal were present, 
the cleaned surface was very rough because the re- 
moval of sand left protrusions of metal. 


To assess whether all of the sand adhering was re- 
moved during processing, samples of the skin of 
castings were obtained by filing the rough patches 
and examining the powdered samples by the X-ray 
diffraction method. This examination revealed that 
a high silica content was still present in some samples 
taken from the “bottom” layer of a thick crust of 
metal and sand. This indicates that the thicker the 
skin of sand and metal, the slower the removal of 
sand, as the reacting liquids have to penetrate through 
the small channels formed by the probes of metal. 


Conclusions 


Tests of the cleaning of steel castings by the Kolene 
process, the Efco-Virgo process and the Sodium 
Hydride process have shown that: 


1) All three processes are capable of successfully 
removing scale and adhering sand; the opti- 


mum time of processing to insure a complete 
removal of sand from the casting surfaces de- 
pends on thickness of the sand/metal pene- 
trated layer. 


2) The surface finish of castings in areas where 
sand penetrated with metal was present, is 
left rough after treatment and would not 
normally be acceptable without subsequent 
dressing. 


3) If grinding or chipping of these areas is 
essential after chemical cleaning, the main 
beneficial effect of chemical cleaning would 
be the reduction of the silica content in the 
dust clouds generated during these operations. 


4) The application of the chemical cleaning 
processes might possibly be considered for 
castings with intricate internal cores where 
mechanical methods of cleaning are not fully 
effective and where freedom from sand is im- 
portant, such as in castings of valves, pump 
bodies, etc. 
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Beckius, Flemings, © Taylor (Continued from page 10) 


With the over-all dimensions used, the individual 
lengths of bars can be chosen between 7 inches and 
23 inches. In order to obtain significant differences 
in tearing between each bar, this entire range should 
be utilized. 


It would be advantageous to make that part of the 
mold cavity, which forms the hot spots and their 
brackets, in cores. This will secure a more accurate 
shape of these parts of the test casting which ac- 
tually are the only places where high linear accuracy 
is necessary. To allow the method to be used for 
comparing core materials, small cores might be in- 


serted in the mold cavity and held rigidly in such 
a way that the core material would restrain casting 
contraction. Finally, it is possible that this design 
will prove sensitive also to comparing different mold 
sands. 


Conclusions 

The more significant results obtained and conclu- 
sions arrived at can be summarized as follows: 

1. A properly designed casting consisting of bars 
of different lengths can provide a simple method for 
testing the hot tearing tendencies of cast steels. It has 
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been shown necessary to gate each bar separately in 
order to obtain uniform tearing conditions in all bars. 


2. Fillets of various radii, used to minimize hot 
tearing, eliminate open hot tears, but do not always 
prevent healed tears. 


3. Brackets (crack ribs), when properly applied, 
are effective aids in eliminating hot tears; i.e., both 
open and healed tears. 


4. When using fillets or brackets in practice the 
risk must be considered that these measures may 
transfer the stresses (and hot tears) from one loca- 
tion to another in the casting. 


5. External tears begin to form early during solidi- 
fication, but can be healed by an influx of liquid 
metal as long as enough liquid is present. Thus, ade- 
quate feeding can prevent open tears completely, 
and it should be possible to formulate design rules 
(to minimize hot tearing) which are based on the 
principle of obtaining adequate feeding. 

6. Internal tears are always developed in connec- 
tion with shrinkage cavities. These form very late 
during solidification when healing is no longer pos- 
sib!e. They can be avoided by adequate feeding. 
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INORGANIC BONDED CORES FOR STEEL CASTINGS 


The following article was taken from U. S. Patent No. 2,930,709 (March 
29, 1960) by Cameron G. Harman, assignor to Steel Founders’ Society of 


America. 


A royalty-free license under this patent will be given to SFSA 
member companies upon written request. 


This research is a part of Research 


Project No. 43 - Inorganic Bonding of Molding Materials. Terms and condi- 
tions on which licenses under the patent will be granted to non-members may 
be obtained by inquiring at the office of the Society. 


Cores are one of the vital elements in the produc- 
tion of high quality castings. In general, cores have 
been made from many widely differing compositions 
of refractory materials bonded by various bonding 
materials. Among the bonding materials which have 
been suggested are sodium silicate, clays, silica gels 
and organic materials too numerous to list. The sili- 
cates, silica gel and other inorganic materials tend to 
vitrify at the temperature at which the metal is cast 
and a portion of the core often burns into the skin 
of the finished casting. Organic binders decompose 
at the temperatures encountered and contribute to 
surface porosity in the finished casting. Hence, the 
search for an ideal binder has continued to the 
present. 


It has been discovered that cores which were free 
from many of the disadvantages associated with prior 
art binders could be prepared from sand bonded 
with an aqueous solution of sodium hexametaphos- 
phate (NagP¢O;x) and containing a small amount of 
a refractory material whereby the action of the hex- 
ametaphosphate will be controlled. 


It was found that cores formed of sand bonded 
with sodium hexametaphosphate alone were unsatis- 
factory because they had excessively high strengths 
when baked. Hence, they did not shake out properly 
bacause they experienced pyroplastic flow under pres- 
sure at temperatures as low as 1200 degrees F. Since 
the incorporation of even as little as 1 percent by 
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weight of sodium hexametaphosphate into the sand 
imparted excellent workability to the sand, it ap- 
peared that if means could be found for overcoming 
the accompanying disadvantages an improved binder 
might be produced. 


The hardening of cores prepared from Ottawa 
sand (GFN 47) and various proportions of aqueous 
solutions of NagPsO;s is shown in Table I. 


These mixtures possessed excellent molding prop- 
erties and exhibited no tendency to adhere to or stick 
to the pattern or tools Cores produced from the 
mixture had green strengths of approximately 4 psi 
and, as shown by the tabulated results, became 
stronger when heated in an oven at 140 degrees C. 
(284 degrees F.). 


The addition of small, but nevertheless significant, 
amounts of suitable refractory materials profoundly 
modifies the strength of cores prepared from mixtures 
of sand and sodium hexametaphosphate, as will be 
evident from Tables II and III. 


The above data clearly show that the addition of 
kaolin and zirconium oxide to the phosphate dis- 
solved in water produced a binder with greatly im- 
proved strength properties. Both the zirconium oxide 
powder and the washed kaolin used had an average 
particle size of about 10 microns. The workability 
of sand mixtures in which varying amounts of binder 
up to 4 percent by weight were mixed with sand was 
found to be excellent. The cores produced formed 
well, had good edge characteristics and were not fri- 
able under slight pressure. They remained unchanged 
when stored for a week at ordinary room conditions. 
The cores also possessed high permeabilities. In the 
green state, as measured with a Dietert Permmeter, 
the value was 469. After baking at 500 degrees F 
for one hour the value was about 500. When cores 
were heated for 3 minutes at 140 degrees C (284 
degrees F) the crushing strength was 96 psi. 


While the results above show that kaolin and 
zirconium oxide are suitable modifiers, other refrac- 
tory additives are also effective. Suitable additives 
are those which do not react rapidly with sodium 
phosphate to form low melting sodium or phosphate 
compounds. It was found that various china clays, 
kaolins and fire clays are effective—particularly where 
used in combination with fine grained, highly refrac- 
tory oxides of the group including Al,O3, FesOs, 
CrOsz, ZrOs ss SiO., Al,Oz : SiOz, and 3Al.02 sf 
2SiO.. These materials should have mean particle 
sizes in the range of 1 to 10 microns. Silica flour in 
particle sizes of the order of 10 microns is also 
effective. 


Claims granted to Steel Founders’ Society under 
this patent are: 


1. A core making composition composed of about 
96 percent by weight of molding sand and about 4 
percent by weight of a binder which consists essen- 
tially of about 33 percent by weight of NagP«O;s, 
about 29 percent by weight of finely divided ZrO», 

















TABLE I 
ee ~ Compressive Strength 
Minutes Baked at 140°C. (psi) 
(284°F.) 4y,! 3%! 1%1 
| eee 222 178 47 
5 1,041 775 
10 1,429 : 
15 1,321 
30 1,443 


60 1,461 











11% designates that 1% by weight of a solution 
formed by mixing 45% of NasPsO.s with 55% of water 
was added to 99% by weight of Ottawa sand (GFN 
47); 3% designates that 3% was added to 97% sand; 
and 4% designates that 4% by weight of solution 
was added to 96% by weight of sand 


TABLE II—Baked strength (after cooling) 
of cylinders prepared from sand bonded 
with NagPs 18 





Compressive Strength 
(psi) 
Room Temp. __ 
Mix Al Mix B2 Mix C3 


Baking Temperature, °F 


300 373 527 359 


600 318 254 162 

900 64 172 238 
1,200 1,434 279 91 
1,500 2,147 1,477 130 
1,800 970 2,034 104 
2,100 891 1,524 28 
2,400 165 1,328 9 


2,700 0 11] 0 











IMix A—98% quartz sand; 0.90% NacPsO.s; 1.10% HO. 

2Mix B—96% Ottawa sand; 1.10% NawPoOis; 1.96% H:O; 
0.94%, South Carolina kaolin 

3Mix C—96%, Ottawa sand; 1.31% NasPsOis; 1.12% HO; 
1.17% ZrOs; 0.39% kaolin 


TABLE IlI—Compressive strength, while hot, 
of samples prepared from sand bonded 
with Na,P.Ois 





Compressive Strength, psi 








Temperature, °F. Mix D! Mix C2 

300 286 104 

600 58 203 

900 13 30 
1,200 0 67 
1,500 0 19 
1,800 0 0 
2,100 0 61 
2,400 0 15 
2,700 0 6 
IMix D—97°%, quartz sand (GFN47); 1.35% of NasPuO:s; 


1.65% H:O 


2Mix C—Same as for Table II 
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having a particle size between 1 and 10 microns, 
about 10 percent by weight of finely divided kaolin, 
balance water. 

2. A method of improving foundry cores for steel 
castings consisting essentially of at least about 96 
percent by weight of molding sand bonded with 
between i and 4 percent by weight of an aqueous 
solution of sodium polyphosphate. This is done by 
modifying the sodium polyphosphate binder solution 
without decreasing the concentration of sodium poly- 
phosphate below about 33 percent by weight of the 


total binder composition. This is done by including 
in the aqueous binder solution a clay selected from 
the group consisting of china clays, kaolins, and fire 
clays and at least one fine-grained highly refractory 
oxide selected from the group consisting of zirconia, 
alumina, ferric oxide, chromic oxide, silica and zir- 
conium silicate. These added materials have a par- 
ticle size of between 1 and 10 microns. The clay con- 
stitutes at least about 10 percent by weight of the 
total binder solution, and the clay and refractory 
oxide together constitute about one-third of the total 
binder solution. 


ABSTRACTS OF FUNDAMENTAL PAPERS ON 
STEEL CASTING RESEARCH 


Based on a review of the current literature on technical research subjects. 


(Copies of these articles available 


High Alloy 


Pomey, G., “Carbide Precipitation and Evolution 
and Depletion of Matrix in Heat Resisting Steels and 
Alloys Treated in Carburizing Atmospheres,” Trans- 
actions of the Metallurgical Society of AIME, 
Volume 218, April 1960. Heat-resisting chromium 
steels and alloys treated at 825 degrees or 950 de- 
grees F (1517 degrees or 1742 degrees F) in a 
carburizing atmosphere exhibit an extensive carbide 
precipitation. This carbide precipitation may be 
succeeded by the FeCr sigma phase or by a carbide 
with a higher carbon content. 


Solidification 

Henzel, J. G., Jr. and Keverian, J., “Gap Formation 
in Permanent Mold Castings,’ MODERN CAST- 
INGS, July, 1960. The purpose of this investigation 
is to present the results of a literature survey to de- 
termine what is known to date about the mechanism 
of gap formation in permanent molds and, if pos- 
sible, to indicate additional areas in which informa- 
tion is needed. 


Solidification 


Polin, I. V., “Influence of Gases upon Ingot 
Crystallization,,” STAL, Vol. 8, No. 1, 1948. Henry 
Brutcher, Technical Translations, No. 2159, P. O. 
Box 157, Altadena, California. Experimental study 
of influence of gas content, especally hydrogen, upon 
(equiaxed vs. columnar) crystallization of steel in- 
gots. Evidence in support of existence of a range 
of hydrogen contents favorable to development of 
columnar dendritic crystals. 


Melting and Pouring 


“Furnace Uses Radioisotope Tracers, Measures 
Wear on Lining,’ STEEL EQUIPMENT & MAIN- 
TENANCE NEWS, April 1960. Man-made atoms 
are helping the blast furnace department of the 
Pueblo plant, The Colorado Fuel and Iron Corp., 
measure the degree of wear on the furnace lining, 
thus eliminating guesswork by furnishing an around- 
the-clock report on the condition of the furnace’s 
throat area. Cobalt 60 was chosen as the radiation 
source. 


from original publishers only) 


Vibrational Treatment 

Benua, F. F., Vologdin, I. V., and Katler, A. L., 
“Study of Effect of Vibrations on Solidification and 
Structure of Electro-Slag Weld Metal,” SVARO- 
CHNOE PROIZVODSTVO, May, 1958, Henry 
Brutcher, Technical Translation No. 4487, P. O. Box 
157, Altadena, California. Merits of vibrating weld 
puddles while they solidify. Authors’ study of effect 
of industrial-frequency (25-50 cps.) vibrational treat- 
ment on structure and impact strength of metal de- 
posited in electro-arc welding. 


Testing 

Chizhikov, A. I., and Boyarshinov, V. K., “Use of 
Tritium for Study of Behavior of Hydrogen in 
Metals,” ZAVODSKAYA LABORATORIYA, Vol. 
23, 1957, Henry Brutcher, Technical Translation No. 
4039, P. O. Box 157, Altadena, California. Useful- 
ness of tritium for obtaining information on bond 
strength, diffusion, and solubility of hydrogen in 
metals and alloys. Arrangement for preparing gas- 
eous hydrogen containing tritium. Details on a 
counter for recording the beta radiation of tritium. 


Testing 

Hengstenberg, T. F., and Vandergrift, E. F., “Vac- 
uum Furnace for Creep-Rupture Testing,’ METAL 
PROGRESS, June, 1960. A creep and stress-rupture 
testing chamber is described which can operate up 
to 2700 degrees F under a high vacuum. Principal 
design features are lower power requirement, ease 
of test assembly, and adaptability to conventional 
creep and stress-rupture testing machines. 


Melting 

McBride, D. L., “The Physical Chemistry of 
Oxygen Steelmaking,’ JOURNAL OF METALS, 
July, 1960. A survey of the chemical and thermal 
aspects of basic oxygen steelmaking as compared 
with other processes. The equilibria relationships for 
the basic open-hearth process studied over a 35-year 
period, are equally valid for oxygen steelmaking. 
However, the kinetics of the process are different. It 
is these similarities and differences which this article 
defines. 








